The target zones are one of the exchange rates regimes that have been more often used throughout history, from the classical gold standard until the current exchange rate arrangement in the ERM II of the European Union. However, the traditional debate concerning the choice of appropriate exchange rate regime has neglected this fact, focusing its attention on the choice between fixed or flexible exchange rates (Jeffrey Frankel 1999; Stanley Fischer 2001; Guillermo Calvo and Carmen Reinhart 2002; Reinhart and Kenneth Rogoff 2004; Eduardo Levy-Yeyati and Federico Sturzenegger 2005) .
The functioning of the ERM of the EMS remains one of the best examples of a target zone regime. From March 13 th , 1979 the majority of the currencies fluctuated within a band of 2.25% built around a central parity reference. The exchange rates could float more or less freely within an exchange rate band, committing the respective central banks to intervene whenever the target zone was threatened.
After some initial theoretical research on exchange rate target zones, with major contributions from Robert McKinnon (1984 ), John Williamson (1985 , Williamson and Marcus Miller (1987) and Bernard Dumas (1989) , the literature on the sub-PANOECONOMICUS, 2010, 3, pp. 261-282 ject has known a revival with the introduction by Paul Krugman (1991) of the first model of a nominal exchange rate target zone in continuum time with rational expectations, using the structure of regulated Brownian motion. Details of this literature can be found in Lars Svensson (1992) , Antoine Magnier (1992) , Giuseppe Bertola (1994) , Peter Garber and Svensson (1995) , Fabrice Pansard (1997) , Bernd Kempa and Michael Nelles (1999), Marco Tronzano, Zacharias Psaradakis, and Martin Sola (2003) and Jarko Fidrmuc and Roman Horváth (2008) .
The basic target zone model has quite interesting implications for the behaviour of the exchange rate and the interest rate differential. The model predicts that the statistical distribution of the exchange rate must be U-shaped or bimodal, with a greater number of observations lying close to the edges of the band. However, if the macroeconomic fundamental variable (the interest rate differential) is heavily concentrated around the mean (zero), then the exchange rate observations would not necessarily have a greater number of observations lying close to the edges of the band. But, for the period under analysis, the interest rate differential followed a negative trend. Additionally, the basic target zone model predicts that the exchange rate is much less variable the closer it is to the edges of the band and that there is a negative relationship between the exchange rate and the interest rate differential. Therefore, we should find evidence of a trade-off between the volatility of the exchange rate and the volatility of the interest rate differential. These predictions can be tested against real world data in order to confirm the validity of the model and the credibility of the bands. Credibility is considered in the sense of a reduced number of exchange rate realignments and not in the usual sense of no change in the central parity.
However, although the former model leads to interesting predictions regarding exchange and interest rate dynamics these were rejected by empirical analyses of data. Examples can be found in Robert Flood, Andrew Rose, and Donald Mathieson (1991) , Svensson (1991a, b) , Frankel and Steven Phillips (1992) , Hans Lindberg and Paul Soderlind (1994), Mustapha Baghli (2004) and Jesús López and Hugo Mendizábal (2007) , just to name a few. This paper analyses the Portuguese exchange rate target zone under the participation of the Portuguese escudo in the ERM of the EMS. Our main aim is to study the behaviour and volatility of exchange and interest rates based on the predictions of the first generation of target zones models. Our contribution to the literature stems from the fact that we are analysing a currency belonging to the system periphery, while most previous work has focused on the Nordic countries and on fluctuation bands of the ERM considered to be more stable and credible. The adoption by Portugal of an exchange rate target zone regime confirmed that a small open economy can also conduct successfully a policy aimed at stabilising the behaviour of the exchange rate and of the interest rate. In effect, even during the most turbulent phases of the ERM, Portugal did not abandoned the EMS and respected the edges of the previous floating band of ±6%, when others countries violated the discipline of the ERM. This process should therefore be used as an example by other small open economies in transition to the euro area. They may benefit from participating in one of the dominant monetary areas, otherwise they will be more exposed to speculative attacks, especially in the case of real appreciation of their currencies.
The Portuguese Exchange Rate Target Zone
On April 6 1992, the framework of the Portuguese monetary and foreign exchange policy changed when the Portuguese escudo joined the ERM of the EMS. This was made possible by the better convergence of the Portuguese inflation rate with the EU's average level and, in particular, with the values recorded by Germany. The central parity was fixed at 178.735 and 86.9393 escudos for the ECU and for the Deutschmark, respectively, and the Portuguese escudo was allowed to fluctuate within a band of 6%.
As there was a formal commitment to keep the Portuguese escudo within the band from this date, the credibility of the disinflation policy increased, facilitating the pursuit of the price stability goal. This foreign exchange policy course was maintained until the end of 1998, in spite of the disturbances that affected the EMS. Table  1 summarizes these events, allowing us to identify the main features of the Portuguese exchange rate target zone while the Deutschmark was the reference currency. In Figure 1 we depict the behaviour of the Portuguese escudo exchange rate against the Deutschmark and the evolution of the overnight interest rate differential between Portugal and Germany (Dif_O) as part of the PTE/DM band. Besides the target zone period, we simulated, from January 2 1987 to April 5 1992, an unofficial band of 6%, with an unofficial central parity (No_C_PTE_DM) and unofficial intervention edges (No_LI_PTE_DM_6 and No_LS_PTE_DM_6) equal to that adopted on joining 1 .
Source: Banco de Portugal, Annual Reports. Figure 1 shows that the PTE/DM exchange rate had been relatively stable since the beginning of the 1990s. This was the result of the pegging of the Portuguese escudo to the Deutschmark, which allowed the Portuguese currency to benefit from the credibility, stability and discipline associated with the tacit acceptance of the antiinflationary stance of the Bundesbank's monetary policy.
Concentrating on the target zone period, it is possible to confirm that after joining the ERM, the Portuguese escudo registered a significant nominal appreciation and an almost immediate decline to a value near the lower edge of its band. Furthermore, everything seems to indicate that the realignments were anticipated, given the high interest rate differential before the realignments. After the widening of the bands, the exchange rate again stabilises, but now within the implicit band of 6%.
The effectiveness of the nominal stabilisation policy of the escudo allowed the Portuguese economy to substantially reduce inflation deviation against Germany. From 1992 onwards there was a gradual disinflation process in Portugal, expressed 1 See Appendix 1 for a complete list of variables and their description. 02:01:1987-31:12:1998 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Dif_O (em %) 02:01:1989-31:12:1998 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
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Distribution and Volatility under an Exchange Rate Target Zone
According to the basic target zone model proposed by Krugman (1991) , the behaviour of the exchange rate within the band depends on an aggregate fundamental and its expected rate of change:
where s(t) is the log of the nominal exchange rate at time t, f(t) is the fundamental at time t,  is the absolute value of the semi-elasticity of the exchange rate with respect to its expected rate of change and E t is the expectations operator conditional on the available information at time t according to the rational expectations hypothesis. The fundamental is the sum of two components,
the domestic money supply, m(t), and a term representing a composite money demand shock, usually referred to in the literature on target zones as "velocity", v(t). The model assumes that "velocity" is an exogenous stochastic process, whereas the money supply is a stochastic process controlled by the authorities. The question is then how the presence of a credible floating band may affect the behaviour of the exchange rate.
In the absence of any intervention, a situation common in a free floating regime, it is assumed that the money supply m(t) is kept constant. As a consequence, the fundamental is simply equal to "velocity", f(t) = v(t). It is thus assumed that "velocity" follow a Brownian motion with drift  and standard deviation (volatility) :
where z(t) is a Wiener process with   0 This assumption implies that the exchange rate under a free floating regime is also a Brownian motion. Therefore, changes in the fundamental will translate into equal changes in the exchange rate, ds(t)=df(t).
In a target zone, it is assumed that the intervention rule is based on a specific floating band for the fundamental, f L  f(t)  f U , and that, if necessary, the fundamental will be regulated to remain within the band. This implies that the fundamental follows a regulated Brownian motion with constant drift  and standard deviation  (Michael Harrison 1985; Ioannis Karatzas and Steven Shreve 1997) :
where L(t) and U(t) are the lower and upper regulators, defined as continuous and increasing functions of t, so that dL(t) represents increases in the money supply, positive only if f(t)=f L and dU(t) represents decreases in the money supply, positive only if f(t)=f U . It is thus necessary to assume that the probability distribution of the interventions is determined by the current level of the fundamental,
, so that the exchange rate function in a target zone will be flat at the edges of the fundamental band and tangent to the edges of the exchange rate band:
Under these circumstances, the exchange rate function establishes a non-linear relationship between the exchange rate and its fundamental, as illustrated in Figure 2 .
Source: Krugman (1991) and Bertola and Caballero (1992) .
Figure 2 Exchange Rate in a Perfectly Credible Target Zone
The straight-line FF represents the equilibrium exchange rate in the free floating case. A shock in v(t) leads to a proportional change in f(t) and s(t). According to equation (5), the exchange rate target zone function is tangent to the edges of its floating band, where s L =s(f L ) and s U =s(f U ), represented by the curves TZ, non-linear, and S-shape, respectively.
The behaviour of the exchange rate in a target zone with perfect credibility leads to two main results. First, the slope of the curve TZ is always less than one. This feature is called "the honeymoon effect", a reference by Krugman (1987, p. 19) to a "target zone honeymoon". The exchange rate function thus appears less sensitive to changes in the fundamental than the corresponding free floating exchange rate. Moreover, the part of the adjustment supported by the exchange rate in a target zone is not constant, but decreases as the exchange rate moves away from the central parity 2 . The expectations concerning the monetary authorities' interventions when the exchange rate is near the edges of the band stabilise the exchange rate behaviour. The "honeymoon effect" thus implies that a perfectly credible target zone is inherently stabilizing. Second, the curve TZ becomes flatter, reaching a zero slope at the edges of the band. At the edges of the target zone, the exchange rate function is tangential to the horizontal dashed lines that represent the edges of the band. This result, represented by equation (5), is known as "smooth pasting" conditions, which correspond to the continuity conditions for the solution of the basic model. This means that under the assumption of rational agents, their expectations about future values of the exchange rate change only if the expected values for the fundamentals change, so that if this does not happen, they think today as they have thought yesterday. Given these conditions, the model predicts that the statistical distribution of the exchange rate must be U-shaped or bimodal.
We analysed the asymptotic distribution of the exchange rate within the band based on Harrison (1985) , Svensson (1991a) and Bertola and Ricardo Caballero (1992) . Since the exchange rate function, s(f), is strictly increasing and invertible only on the interior of the band, the asymptotic density function,  s (s), is given by:
for s L < s <s U , where f(s) denotes the inverse of s(f). Since the fundamental is uniformly distributed, the exchange rate will change slowly near the edges of the band. Moreover, the model implies that the exchange rate will be much less variable near the edges of the band. The variability of s(t) is directly proportional to the slope of the curve TZ:
where V(t)ds(t) is the conditional variance of the changes in the exchange rate. The variability of the exchange rate thus reaches a maximum at the centre of the exchange rate band and decreases as the exchange rate gets closer to the edges of the band.
The basic model has also implications for the behaviour of the interest rate differential that emphasize the special features of the adjustment process in a target zone following a monetary shock. Since under a target zone   1
that the interest rate differential will be decreasing in the fundamental,   0
. Furthermore, recalling that the exchange rate is an increasing function of the fundamental, the basic model implies a negative deterministic relationship between the exchange rate and the interest rate differential.
We can find here the main difference between a free floating regime and a target zone. In a free floating regime, the exchange rate is responsible for the whole adjustment process. In a target zone, the exchange rate and interest rates "share" that responsibility between them 3 . The volatility spillover from the exchange rate to the interest rates can be analysed through the variability of the interest rate differential.
Letting (t) denote the interest rate differential, the variability of the interest rate differential is computed using Ito's lemma:
where
represents the conditional variance of the changes in the interest rate. It follows that the interest rate differential's volatility is minimum at the centre of the band and increases near the edges of the band, replacing here the exchange rate as the main variable in the adjustment process. There is thus a trade-off between the variability of the exchange rate and the variability of the interest rate differential (Svensson 1991a (Svensson , 1994 Ching-chong Lai, Chung-rou Fang, and Juin-jen Chang 2008) .
Data Description
We used time series data with daily frequency in an attempt to cover the period from January 2, 1987 to December 31, 1998, which gives a total of 3130 potential observations. The observations corresponding to holidays and weekends were left out of the sample. In addition to the period when a target zone was officially functioning, between April 6 1992 and December 31 1998, we extended the analysis to a period in which Portugal adopted a crawling peg and a managed floating system, when the Portuguese escudo was pegged to the Deutschmark.
The exchange rate and interest rates data was taken from the Banco de Portugal (Long Series: Monetary and Financial Statistics of the Banco de Portugal) and the Bundesbank (Bundesbank Time Series Database). We used nominal exchange rates of the Portuguese escudo against the Deutschmark (PTE/DM). Interest rate data is available from January 2, 1989 and is measured as the average of the daily transactions held in the Money Market. Since we used daily data, we chose overnight interest rates and interest rates with a maturity of 28 to 32 days. Based on the examination of the evolution of the interest rates over time, we left out the outliers, defined as observations with values higher than 25% of the arithmetic average of the previous thirty observations relative to the observation under analysis. This methodology made the analysis of the volatility of the series feasible.
Unless otherwise stated, all the series have been transformed into natural logarithms. In the case of the interest rates, we used the natural logarithm of 1 plus the interest rate (%), divided by 100. In order to maximize the number of available observations, we were forced to extrapolate missing values whenever there were breaks in the series. The breaks occurred mainly in the Portuguese Money Market interest rates series with a maturity of 28 to 32 days. To compute the missing values, we used an extrapolation method based on an AR1 process with trend. The empirical analysis was applied to different sub-periods. We considered eleven sub-periods in accordance with political, economic and institutional events as described in Table 2 . The five observations before and after the realignments and the date corresponding to the enlargement of the bands were excluded from the sample. This was to avoid biases in the analysis. Most results were obtained using RATS 6.2, PcGive 10, and 
Empirical Analysis under the Portuguese Target Zone
In this section we analyse the density distribution of the exchange rate as well as the distribution of this variable in specific intervals of exchange rate variation for the eleven sub-periods considered in our study. Next we proceed to examine the exchange rate and the interest rates differential volatility in each interval of the distributions 4 . Figure 3 shows the frequency distribution and the Kernel estimation of the PTE/DM exchange rate function for sub-period 1 (whole period in the ERM of the EMS).
We used the Epanechnikov kernel function 5 for the analysis of the density distribution of the exchange rate. As we can see from the inspection of Figure 3 , most of the observations of the PTE/DM exchange rate often lie close to the central parity. Despite the nominal exchange rate stabilization process, enabled by the participation of the Portuguese escudo in an exchange rate target zone regime, the U-shaped or bimodal density of the exchange rate is not clear from the simple inspection of the data distribution (see Note 1: For a description of the variables see Appendix 1. Note 2: In the horizontal axis, "1" corresponds to the interval of exchange rate variation [-5.85%, -5%[; "2 "to [-5%, -4%[; "3" to [-4%, -3%[; "4" to [-3%, -2%[; "5" to [-2%, -1%[; "6" to [-1%, 0%[; "7" to [0%, +1%[; "8" to [+1%, +2%[; "9" to [+2%, +3%[; "10" to [+3%, +4%[; "11" to [+4%, +5%[ and "12" to [+5%, +6.18%] . We also evaluated the distribution of the exchange rate series in specific intervals of exchange rate variation of identical width (first part of Figure 4) . From this analysis, we proceeded to study the exchange rate and the interest rates volatility in each interval used in the histograms (second part of Figure 4 ). For this, we considered twelve intervals in the 6% fluctuation band. 06:04:1992-31:12:1998 - As can be seen from Figure 4 (first part), most of the observations lie close to the central parity for the whole target zone period, thus rejecting once again the Ushaped density of the exchange rate 6 . The analysis of the histograms (see first part of Figure A .2 in Appendix 2) also allowed us to conclude that only in the period immediately after the Portuguese escudo joined the ERM (sub-periods 2 and 8) were there a larger number of observations lying close to the limits of the band, although this is not very pronounced near the upper edge. The autonomy in monetary policy making as well as in exchange rate policies, possibly due to the maintenance of capital movement restrictions, explains the stability of the exchange rate near the edges of the band.
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For the remaining sub-periods, the U-shape in the distribution of the PTE/DM exchange rate is clearly rejected by the analysis of the histograms. Table 3 summarizes the fundamental nature of these results based on the relative frequencies of exchange rate distribution in each of the twelve intervals of the band. (c) Sum of the relative frequencies of the intervals 9 to 12 (%). Note 2: = bi-modal or U-shaped distribution (larger number of observations near the edges of the band); = uni-modal or unshaped distribution (larger number of observations near the centre of the band); = uni-modal distribution in the form of "U cut to the right" (larger number of observations near the lower edge of the band); = uni-modal distribution in the form of "U cut to the left" (larger number of observations near the upper edge of the band);  = Undetermined distribution. The results are not very different from those in Flood, Rose, and Mathieson (1991) , Bertola and Caballero (1992) , Magnier (1992) , Lindberg and Soderlind (1994), Christopher Cornell (2003) , Christian Bauer, Paul De Grauwe, and Stefan Reitz (2008) and Fidrmuc and Horváth (2008) for the case of the fluctuation bands of the countries of the centre of the EMS, transition countries, and for the Swedish uni-lateral target zone. This lack of conformity with theoretical predictions, instead of indicating the uselessness of the bands, is due to the monetary authorities credibility expressed by current intra-marginal interventions, which were frequent during the period under analysis. Since the intra-marginal interventions limit the amount of time spent by the exchange rates near the edges of the band, their occurrence take the exchange rates close to the central parity, thus contributing decisively to the rejection of the first prediction of the model 7 . Figure 5 presents the monthly evolution of the foreign exchange reserves held by the Portuguese monetary authorities from January 1990 to December 1998. Its evolution allows the frequency of intra-marginal interventions to be evaluated and also helps to understand how the Portuguese authorities managed to stabilize the behaviour of the Portuguese escudo within the band, even during the periods of disturbance in the ERM. 
Figure 5 Monthly Evolution of the Foreign Exchange Reserves
As can be seen, during the periods of greater instability in the EMS, when the central parity of the Portuguese escudo was realigned, there was a fairly significant reduction in the foreign exchange reserves held by the Portuguese monetary authorities. A few months after the beginning of the participation of the Portuguese escudo in the exchange rate mechanism, the Portuguese central bank began to lose quite substantial amounts of foreign exchange reserves. The realignment on November 23 1992 only temporarily relieved the pressure on the Portuguese currency, with the foreign exchange reserves again declining in March and April 1993. The realignment of the following month introduced some stability to the foreign exchange market. In an attempt to defend the original central parity with which the Portuguese escudo joined the exchange rate target zone of the EMS, and afterwards the parity adopted in November 1992, the Banco de Portugal lost in little more than six months around 28% of the foreign exchange reserves it held in late August 1992.
The foreign currency sales helped to cope with the speculative attacks on the Portuguese currency. We can also see that the foreign exchange reserves were restored in the periods immediately following the realignment. The change of central parity relieved the pressure on existing foreign exchange reserves, avoiding their total depletion. By using these two ways it was possible to keep the exchange rate in the target zone regime and, more importantly, close to the central parity. This analysis makes it is possible to explain the results lack of conformity with the predictions of the literature 8 .
On the other hand, the fact that the Portuguese escudo floated within a wide band of 6% implied a lower probability that the edges of the target zone would be reached. If a narrow band of 2.25% had been adopted, the exchange rates would certainly have remained near the boundaries of the target zone more often.
However, the proximity of the exchange rates to the edges of the band should not be regarded by itself as a measure of lack of credibility, as it may simply indicate that the target zone is being tested by the agents operating in the market. It is also important to analyse the volatility of the exchange rate as it gets closer to the edges of the band. According to Flood, Rose, and Mathieson (1991) , Krugman (1991) , Svensson (1991a, b) , Bertola and Caballero (1992) , Baghli (2004) , and López and Mendizábal (2007) , evidence of lower volatility near the edges of the band is an indicator of credibility. In most of the sub-periods analysed, the PTE/DM exchange rate volatility tends to increase as the exchange rate approaches the edges of the band, particularly the upper edge, contrary to theoretical predictions (see Tables 4a and 4b ). However, this lack of conformity with the predictions of the basic model should not be interpreted as indicating the lack of credibility of the Portuguese escudo floating band. It is important to remember that the escudo very rarely approached the edges of the band, where the existence of less volatility in the exchange rate should be more obvious. Tables 4a and 4b summarizes exchange rate and interest rate volatility using descriptive indicators for the twelve intervals of the floating band.
The exchange rate volatility analysis also confirms that the realignments are preceded by periods of above average volatility, largely as a result of speculative attacks and fear of a sudden depreciation in the currency value. The periods immediately after the realignments, however, are characterized by below-average exchange rate volatility, due to the fact that the weak competitive position of the currency has been restored. We also observe that the interest rate differential volatility seems to behave in accordance with the implications of the theory. In effect, interest rate volatility increases as the exchange rate approaches the edges of the band. Furthermore, the results of this analysis allow us to conclude that at least in one case (sub-period 2) there is a trade-off between the exchange rate volatility and the overnight interest rate differential volatility. Possible explanations for this situation are the modernisation of the banking and financial system, and the progress made in terms of disinflation policy, which allowed the interest rate to serve as an alternative variable to the exchange rate in the adjustment process following a monetary shock, thereby facilitating the pursuit of the main objective of price stability. In this context, the participation of the Portuguese escudo in a target zone was crucial to create the conditions of stability, credibility, and confidence, necessary for the adoption of the single currency.
Conclusion
In this study we have analysed the participation of the Portuguese escudo in the ERM of the EMS according to the literature on target zones. Our main aim was to study the behaviour and volatility of exchange and interest rates based on the predictions of the first generation of target zones models. The contribution to the literature stems from the fact that we considered a currency from the system's periphery, while most previous work has focused on the Nordic countries and on fluctuation bands of the ERM considered as more stable and credible.
The empirical results do not support the theoretical predictions of the basic target zone model, but this does not mean that the participation in a target zone did not have a stabilizing effect upon the exchange rate behaviour.
The analysis of the distribution of the exchange rate has confirmed that most of the observations tended to lie near the central parity, thus rejecting the U-shaped distribution implied by the theory. The basic target zone model assumes that monetary interventions are only carried out at the edges of the band, i.e. are marginal interventions, when actually the functioning of the ERM of the EMS was characterised by frequent intra-marginal interventions. The non confirmation of this basic assumption can explain our empirical results. For most of the sub-periods, volatility tended to increase as the exchange rate approached the edges of the band, contrary to the predictions of the basic model. Interest rate differential volatility, on the other hand, seemed to behave in line with theoretical predictions that imply that the interest rate volatility is minimal at the centre of the band and increases near the edges of the band, replacing in this situation the exchange rate as the main variable in the adjustment process following a monetary shock. This is particularly interesting given the presence of a negative trend in the interest rate differential which, instead of representing inefficient actions in the foreign exchange market, reveals the high degree of macroeconomic stability achieved in the Portuguese economy. The downward path eventually reflects the increased credibility of the conduct of monetary policy, allowing the continued pursuit of exchange rate stability, in the context of the ultimate objective of price stability.
The exchange rate target zone regime adopted by Portugal confirms that a small open economy in the periphery can also conduct a successful stabilising policy of the exchange rate and the interest rate, even during times of turbulence in the EMS. In effect, even during the most turbulent phases, Portugal did not abandon the EMS and also maintained the target of ±6% band.
The monetary integration process of the Portuguese economy should therefore be used as an example by other small open economies in the sense that they may benefit from adopting an intermediate exchange rate regime like a target zone as a strategy for a "smooth" transition to a more extreme exchange rate regime as the EMU, otherwise they will be more exposed to speculative attacks, especially in the case of real appreciation of their currencies. 
